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ABSTRACT

New colorant materials have been found with the interaction of organic dyes and metal
alkoxides. Changes in the hue are observed as indigo dye or thioindigo dyes are combined with
the ASB (aluminum tri-secbutoxide), when compared to the original indigo or thioindigo dye,
due to the binding and geometry change between dye and metal alkoxide. These dyes are
combined with the ASB in two different methods of hydrolysis, namely in the air and in water.
Similarly, when TTIP (Titanium tetraisopropoxide) is hydrolyzed using the sol gel process, along
with the incorporation of thioindigo dye, hue changes were observed. X-ray diffraction of these
colorants indicates that these dyes are absorbed on the surface of the inorganic compounds,
which are produced from their respective organometallic precursors. Uv- Vis and IR spectrum
studies showed that there is a binding mechanism involved between the organic dye and Al atom
from the ASB and Ti atom from the TTIP.
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CHAPTER 1
INTRODUCTION
1.1 Hybrid Materials
Hybrid materials consist of organic and inorganic compounds that interact. These terms
are used in areas of the field, such as sol-gel compounds, with and without interactions between
these two compounds and highly crystalline coordinated compounds and with the amorphous
materials. Guido Kickelbick (1) says that “the exact birth of the hybrid materials, which consists
of the organic and inorganic molecules together, is not known.” He proposes that, most likely,
the mixing of organic and inorganic components was carried out thousands of years ago, which
was used for paint applications.
One of the classic examples to illustrate the hybrid materials (2) is the Mayan blue pigment
which is made by the mixing of the clay and the dye. These materials consist of the organic and
inorganic compound properties, which enhance the function in the applications for paint, optical
and electronic applications than the original organic or inorganic compounds. In these hybrid
materials the organic compound is used for the applications and the organic compound binds
with the inorganic and gives rise to the hybrid compounds. Tailor-making the organic and
inorganic components together can produce the desired functions of the materials.
1.2. Sol gel Process:
Sol gel process is a wet process where a typical metal alkoxide or metal chlorides is used in
the presence of the liquid. It undergoes hydrolysis and a condensation reaction to form a sol and
then to produce the gel. It is mainly used in the manufacturing of ceramics. The importance of
this process is the production of the materials at room temperature. Hybrid materials can be
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synthesized with this process by containing the dye molecules, thus the optical properties of the
material can be improved.

1.3 Classification of hybrid materials
Classification of these materials can be done using the physical composition or by the chemical
interaction basis. As for the physical composition, there are two classes. The first class of
compounds is the doped systems. These contain one of the components, either organic or the
inorganic in less than 1% to the other. The second class of compounds are the hybrid systems;
one of the components, either organic or the inorganic is greater than 10 % to the other.
According to Judenstein and Sanchez, chemical interactions come in two classes (3). The first
class consists of the weak interaction between the organic and the inorganic compounds. These
classes of compounds contain the Vander walls forces, hydrogen bonding or the electrostatic
forces. The second class consists of the strong interaction between the organic and inorganic
part. There is covalent or ionic-covalent bond, which is present in this class of compounds.

1.4 Research Objectives
The objective of this research was to understand the type of chemical interaction taking place
when a color change occurs as the organic dyes, such as the indigo or thioindigo dyes, are mixed
with the ASB (aluminum tri-sec butoxide) and with the other inorganic precursor TTIP (titanium
tetra isopropoxides) to develop new class of materials. The physical and chemical properties of
this series of colorants have been characterized. Several instrumental techniques were used to
examine these hybrid colorants. Computer molecular modeling and simulations were also
employed. Simulations were extensively used for the characterization and to understand the type
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of interactions that takes place. A brief description of the instruments that are used for the study
is below.

X-Ray Powder Diffraction: X- ray diffraction was used to study the crystal structure of the raw
materials. The crystalline or amorphous nature of the series of the products that are produced in
this research was analyzed in order to understand the interaction of organic dyes to the inorganic
materials.

UV/Vis Spectroscopy: UV/Vis Spectroscopy is used for measuring the absorption values about
the transitions from the ground state to the excited states. Indigo and thioindigo dyes are highly
conjugated compounds, so they absorb the UV- Vis light. Upon interacting with the organic dyes
with ASB and TTIP, the Uv-vis is measured and changes in the absorption values are measured.

Infrared Spectroscopy: Infrared spectroscopy with Fourier Transform (FTIR) is used to identify
the specific functional groups of the raw materials. It is used to identify the molecular vibrations
and rotations of the compounds. The interaction of the molecular vibrations for the specific
functional hybrid materials are obtained and compared to the original organic dyes or metal
oxides.
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CHAPTER 2
RAW MATERIALS AND CHARACTERISATION TECHNIQUES
2.1 Raw materials characterization
We have developed the solid-state interaction between the thioindigo and indigo dyes with
the aluminum atom of the aluminum tri-secbutoxide (ASB) and with the Ti atom of the titanium
tetra isopropoxide (TTIP). Understanding the functional groups of the indigo, thioindigo dyes
and the surface crystalline and non crystalline of ASB and TTIP provides the insight into the
possible type of chemical interactions taking place between the organic dyes and the inorganic
surfaces.
The structures of organic materials (indigo and thioindigo dyes) as well as the inorganic
products resulting from the ASB and TTIP are discussed here. The subsequent chapters involve
the synthesis process description and the final models of interaction between the organic and
inorganic molecules.
2.1.1 Indigo dye
Indigo dye is blue in color, highly crystalline in nature and is widely used in the jeans. The
structure of the indigo was first determined by Adolf von Baeyer from Germany (1). An indigo
molecule is depicted in Figure 1. In the crystalline phase, indigo is monoclinic with a space
group symmetry of P21. The lattice parameters are as follows: a = 10.84 Å, b = 5.89 Å, and c =
12.28 Å; α = γ = 90 and β = 130.02. The crystal structure obtained from these values is shown in
Figure 2.
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Figure 1. Indigo, C = grey, N = blue, O = red, H = green.

Figure 2. Crystal Structure of the Indigo from Cerius2 software.
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2.1.2. Thioindigo dye
Thioindigo is a vat dye which is red in color. The structure of the thioindigo dye was reported by
Friedlander (2) at the beginning of the 20thcentury and is shown in Figure 3.

Figure 3. Thioindigo. C = grey, S = Yellow, O = red, H = green.

The cell parameters of the thioindigo molecule are as follows: a = 7.91 Å, b = 3.97 Å, c = 20.41
Å and space group P 21/c1 as described by Von Eller (3). The crystal structure is shown in Figure
4.

Figure 4.Crystal Structure of thioindigo from Cerius2
6

Thioindigo is reported to exhibit the polymorphism (13) of P21/c and P21/n structures.
2.1.3 ASB in Air
ASB is an Aluminum alkoxide which has the structure as indicated in Figure 5, where R
here represents the sec-butoxy group.

Figure 5 ASB structure, R represents the alkyl group.

These compounds may be used to prepare the greases, soaps, paints, as well as products in the
coating industries. (4)
Aluminum tri-secondary butoxide is liquid at room temperature. It is highly reactive
towards the moisture in air and the water. When it is exposed to air at room temperature, it
transforms from liquid to white powder. This is due to the hydrolysis of the alkoxyligands, by
atmospheric moisture,
Al (OR) 3 + H2O ------> Al (OR) 2(OH) + ROH

This reaction proceeds as a condensation-polymerization reaction and can produce linear or
cross-linked branches.
2 Al (OR) 2(OH) + H2O ------> RO-Al (OH)-O-Al (OH)-OR + 2 ROH
7

Finally, the reaction removes most of the alkoxy groups and, in the case of linear polymerization,
produces a chain of Al-O-Al bonds with OH groups available for further reaction as shown in
Figure 6.

Figure 6. ASB chains when hydrolyzed in air, Al = Pink, O = red, H = green.

The polymerization reaction is reported to proceed to the extent where the final product is
Al28O27OH26OR4 (5). It has been reported (6) that it is a very porous material with a high surface
area of 944 m2/g.
X-R-D data.
The X-r-d pattern of the white powder (Al-O-Al chains) obtained from the ASB shows
that it is an amorphous compound, as shown in Figure 7.

Figure 7. XRD of the ASB when hydrolyzed in air.
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2.1.4. ASB in water
ASB, when reacting with the water, is hydrolyzed and forms the bohemite (7).
Al (OC4H9)3 + 3 H20 → AlOOH (H20) + 3 C4H9OH
ASB was hydrolyzed in water by the well known Yoldas process (11). ASB is taken in the 3
necked flask and excess distilled water (H2O/Al = 100) was added and with stirring it was
refluxed for about 3 hours. The sample was obtained by drying the hydrolyzed slurry at RT in air
and then dried at 150 0C to form the nano-sized bohemite. It was reported that it contained the
excess water

AlO(OH).O.74H2O is present (8). The cell parameters are as follows: a = 2.86 Å, b = 12.21 Å, c
= 3.69 Å, Space Group=cmcm for the Figure 8.

Figure 8.Bohemite Crystal structure, Al= Pink, Oxygen= red.
9

2.1.5 TTIP in ethanol/water

TTIP is easily hydrolyzed in water to form amorphous titania and the anatase crystal structure
(9, 10, 11) by sol gel process. TTIP (18ml) was taken in the 3 neck flask and ethanol (70ml) are
added with 36% concentrated HCl (1.533 ml) and stirred. From a funnel at the top of the flask, a
mixture of ethanol and water was added. After this addition, the liquid is dried for about 7 hours
at room temperature and then dried at 110 oC for 2 hours, as reported by Terabe (12).
Ti {OCH (CH3)2}4 + 2 H2O → TiO2 + 4 (CH3)2CHOH

Figure 9. XRD of the TTIP when hydrolyzed in water.
2.2 XRD data Collection
Diffraction was obtained with the Scintag Inc XDS 2000 instrument. The Cu K α X-ray emission
wavelength was 1.545A. The following are the conditions that are used for getting the diffraction
data for each sample. Scintag software was used for data acquisition,
10

Step size- 0.02
2 θ= 5- 90
Total Time = 53 minutes
Receiving slit= 0.3 mm
2.3 UV-Vis data Collection
UV- Vis spectra of the compounds were obtained by using the Spectronic 3101PC UV-Vis-NIR
scanning spectrophotometer (Shimadzu). UV Probe software was used for data acquisition,
refinement and analyses. BaSO4 standard was used as the standard before the collection of
experimental data. The resolution of this instrument is about 0.1 nm. A wavelength of 200- 800
nm is used out of 190 – 3200nm that is available. Peak Fit Peak Analysis Software, version 4.12
(Systat Software, Inc) was used to allocate the exact peak intensity positions. Gaussian function
was used for the curve fitting and the correction factor of 0.999 was maintained for all the curves
that were obtained from the instrument.
2.4 IR data Collection
IR spectra were obtained using a Thermo Nicolet Nexus 470 FT-IR Spectrometer equipped with
a DTGS detector. Samples were prepared by grinding 0.2 % of sample with oven-dried and
desiccated KBr, IR grade. The samples were then pressed in a 16mm die laboratory press. Omnic
software was used for data acquisition, refinement and analyses. Sixty scans from 500 to 4000
cm-1 were obtained for each sample with a 2 cm-1 resolution. Then the data was normalized
throughout the spectrum.
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CHAPTER 3
HYDROLYSIS OF ASB IN AIR WITH DYES
3.1 Synthesis Process
A 4 g (≈ 0.08 M /1M ASB) sample of thioindigo obtained from Day-Glo corporation was
added to 40 g of ASB (Aluminum tri-secondarybutoxide, from Aldrich Chemicals Ltd and was
97% pure.). The mixture was stirred at RT with the pestle in the mortar for 15 minutes until a
homogenous mixture was obtained. The mixture remained red in color. It was then kept to dry at
room temperature for 3 days and it formed a dark red lump. Then it was crushed and dried in
oven at 150 oC for 7 hours. The hue was slightly lighter and less intense than that of pure
thioindigo as shown in Figure 10. Hence, a series of aluminum thioindigo pigments were
prepared with various concentrations to examine color differences as a function of the
concentration of thioindigo dye.
3.1.1 Thioindigo concentration Experiments:
Preparing a series of aluminum thioindigo samples with varying concentrations was
accomplished by grinding a 4.0 g (≈ 0.08 M /1M ASB) with 40.0 g of aluminum tri-secondary
butoxide and 40 g (≈ 0.83 M /1M ASB)of thioindigo with 40.00g of aluminum tri-secondary
butoxide, respectively. Each concentration series was then placed in a mortar and stirred with
pestle for several minutes to ensure that a homogenous mixture was obtained. The corresponding
mixtures dried at room temperature for 3 days to form the lumps from the sol and then were
placed in a 250 mL beaker in the oven at 150 oC for 7 hours as shown in the Figure 11.
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3.1.2. Hydrolysis of ASB along with indigo dye
A 4 g (0.09 M Indio per 1 M ASB) sample of indigo from Shijiazhuang Leayoc Chemicals
co., China is added to the 40 g of ASB. The mixture was stirred at RT with the pestle in the
mortar for 15 minutes until a homogenous mixture was obtained. The gel remained dark. Then it
was kept to dry at room temperature for 3 days where it formed the lump from gel. Later it was
crushed and dried in an oven at 150 oC for 7 hours. The hue was slightly lighter and less intense
than that of indigo. The variation in the color of the blue is shown in Figure 12.

Figure 12. Variation in the color of the samples when Indigo is mixed with ASB at RT
and after heating.
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3.2 IPA Extraction experiments:
The solvent extraction was done with isopropanol solvent in order to understand the solvent
fastness properties in alcohol. It was performed on the synthetic samples of Al-thioindigo and
Al-indigo which were produced in the laboratory at both room temperature and at 150 oC
temperature. Two 0.1 g samples of aluminum-dye were placed in separate 70 mm long tubes
with a diameter of 8 mm. Each sample was covered to a depth of 5 mm with isopropanol.
The color changes were monitored for a period of 24 hours. Each sample was placed in a
filter funnel and successively washed with isopropanol until the filtrate became clear. This
process is similar to that of DMSO extraction (1).
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3.2.1 Discussion of isopropanol extraction

The preparation method of simply grinding and heating the dye / aluminum tri secondary
butoxide was proven successful in fastness properties with alcohol solvents. The samples of
Aluminum-dye that had been prepared with different temperatures had hardly changed color
following Iso-propanol extraction as shown in the Figure 13.a and Figure 13.b. The Isopropanol liquid, which is extracted for aluminum-dye samples are shown in the Figure 13.c,
indicating the presence of dye, which is not reacted with the alumina. After several washes with
isopropanol, most of the pigment was separated from the aluminum surface leaving the bluishred from the al-thioindigo complex and dark blue from the al-indigo complex on the filtrate of
the washing funnel.

The color of the sample remained consistent even after attempted extraction with
isopropanol by washing process. The percentage of weight loss was calculated and found to be
approximately 0.6%. In fact, the colors of the extracts varied as a function of concentration but,
at minimum, the visual color changes of the solid aluminum-dye complex samples appeared to
change linearly when compared to the materials before extraction.

3.3 Results and discussion
3.3.1 UV-Vis of Thioindigo – Al Complex compounds
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Thioindigo sample
0.08 M Thioindigo/ 1M ASB, hydrolysis in air, 150 °C
1.0

π → π* 504
504
566

Normalised Absorbance
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n → π*
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0.6

0.4
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Wavelength (nm)

Figure 14. UV –Vis Spectrum for the Thioindigo and ASB-thioindigo colorants
Table 1. UV- Vis absorption frequencies of Thioindigo and ASB-thioindigo colorants
Sample

Transition

Wavelength

Thioindigo

π __> π*

504

n __> π*

557

π __> π*

504

n __> π*

566

0.08 M Thioindigo/ 1M ASB,
Hydrolysis in air, dried at 150 °C

Figure 14 and Table 1 show the spectrum and the absorbed wavelengths of the colorant. The
absorption maximum of the thioindigo is found to be 504 nm which is the energy gap between
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the HOMO and the LUMO energy levels, which represents the π __> π* transition. It was
reported that thioindigo is colored due to the electron donor (carbonyl) and electron acceptor
(Sulfur) chromogen (2). Figure 15 shows the first excited state of the thioindigo molecule as
given by Wyman (3). The lowest absorption represents the n __> π* transition which in here is at
557 nm.
- O

O

- O

S
+

S

+
S

S
O

Figure 15. First Excited states of the thioindigo molecule.

The ASB thioindigo colorant also shows to be absorbing at the same wavelength as that of
thioindigo dye. At the same time, there is difference in the absorption wavelengths for n __> π*,
which is the lowest absorption wavelengths for the thioindigo dye and as well as the ASB
thioindigo colorant. The difference in the n __> π*absorption of ASB thioindigo colorant when
compared to that of the original thioindigo is found to be increased by 9 nm. This indicates that
less energy is required for this transition, which may be due to the sharing of nonbonding
electrons of the oxygen in carbonyl of the thioindigo molecule with that of aluminum in the
ASB. FTIR analysis was also done in order to get insight into the possible binding which exists
between the thioindigo and ASB.
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3.3.2 UV-Vis of Indigo – Aluminum complex compounds
Indigo sample
0.09 M Indigo/ 1M ASB, 150 °C
1.2

π → π*

619

Normalised Absorbance

1.0

530
0.8

n → π*
0.6

685
672

0.4

0.2

0.0
200

300

400

500

600

700

800

wavelength (nm)

Figure 16. UV –Vis Spectrum for the Indigo and ASB-indigo colorants
Table 2. UV- Vis absorption frequencies of indigo and ASB-indigo colorants

Sample

Transition

Wavelength

Indigo

π __> π*

530

n __> π*

672

π __> π*

619

n __> π*

685

0.09 M Indigo/ 1M ASB,
Hydrolysis in air, dried at 150 °C
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The absorption maximum in the visible range and the actual curve profile allow differentiation of
aluminum complex of indigo from the pure indigo dye which is shown in Figure 16 and Table 2.
The differences observed between the spectra of the aluminum complex molecule and indigo
arise from differences in the chemical environment for indigo molecules in the pure solid and
adsorbed on ASB. The absorption band observed in the UV-visible spectrum at 530 nm
corresponds to the difference between the HOMO and LUMO energy levels. The weak n __> π*
absorption was found to be at 672 nm. The spectrum of the indigo and aluminum complex
illustrates the π __> π* absorption located at 619 nm and the weak n __> π* absorption which is
near 685 nm. The difference in the n __> π*absorption of aluminum and indigo complex
compared to that of the original indigo is found to be increased by 13 nm. This indicates that less
energy is required for this transition, which may be due to the bonding of the indigo molecule to
the aluminum site of the ASB.

3.3.3 XRD of Thioindigo – Al Complex compounds

The ASB (hydrolyzed in air, to form aluminum oxide chains), thioindigo and hybrid
material prepared at 25oC and 150oC were run at X-ray diffractometer with Cu kα as the
radiation. The resulting data was compared and is shown in Figure 17
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Figure 17. X-ray Diffraction of the Al-thioindigo colorants dried at RT and at 150 ºC.

The diffraction pattern of the unheated mixture of ASB and thioindigo (hybrid material 25oC)
does not show any peaks which are present in the thioindigo. Once the ASB and thioindigo are
dried together to produce the hybrid material, the thioindigo phase no longer gives diffraction
peaks. Clearly, the crystal structure of thioindigo has been disrupted as a consequence of its
binding to the aluminum surface
It is observed that as the concentration of the dye is increased from 0.08 M to 0.83 M thioindigo
per 1 M ASB, there is an increase in the intensity of the color. This is due to the saturation of the
dye that is added. X-ray diffraction is shown in Figure 17 and indicates that as the thioindigo
concentration is increased the dye peaks starts to appear.
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3.3.4. XRD of indigo – Al Complex compounds

The ASB (hydrolyzed in air, to form Aluminum oxide chains), indigo and hybrid material
prepared at 25oC and 150oC were run at X-ray diffractometer with Cu kα as the radiation. The
resulting data were compared and are shown in Figure 18

Figure 18. X-ray Diffraction of the Al-indigo colorants dried at RT and at 150 ºC compared to
the indigo dye and to the ASB.
The diffraction pattern of the unheated mixture of ASB and 10% indigo that is 0.09 M
Indigo per 1 M of ASB, shows a peak at 27 2Ѳ angle, which indicates that there is a crystalline
phase of indigo. Once the ASB and indigo are dried together to produce the hybrid material at
150 oC, the indigo phase gives diffraction peaks 27 2Ѳ angle. Clearly, the crystal structure of
indigo was there, but the intensity of the peak is very low and all other peaks disappear when
compared to that of the indigo phase. This indicates that there is an indigo phase present before
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and after heating of the hybrid material and as well as there are hue changes, when compared to
the original indigo molecule.

3.3.5 IR spectroscopy of Thioindigo – Al Complex compounds
ASB was hydrolyzed in the air without the dye, as explained in the experimental section. ASB
reacts with air to form Al-O chains, is dried at 150 °C, and is then taken for the IR analysis. The
IR band assignments for ASB are represented in Table 3a and the IR band assignments for the
thioindigo molecule are represented in Table 3b.

Table 3: a. Assignment bands for ASB as such, when hydrolyzed in air which are in
accordance with the values that are reported (4).
b. Assignment bands for thioindigo powder, obtained from the Day Glo sample.
with the thioindigo dye.

a.

Mode

Frequency (cm-1)

C-H

1518(m)

OH

3463(s) (ν)
1645 (m) (δ)

C-0

1411(m)

Al-0

600(s)
23

Al-OH

863(m)

(s): strong, (m): medium
(ν): stretching, (δ) bending

b.
Mode

Frequency (cm-1)

C=C

1587(s)

C=O

1646(s)

C-H, Out of plane bending 1076(s),1118(vs.),
for aromatic

1144(vs.), 1051(m)

C-S

737.88(s)

C=C for aromatic

1452(s), 1288.8(s)

(vs.): very strong, (s): strong, (m): medium
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3.3.5.1 C-S region
Appendix Figure 29 shows the IR spectra and frequencies of the C-S region. It can be inferred
that there is sharp peak at 737 cm-1. ASB thioindigo colorant at RT after drying at 150°C did not
show much difference in the shift and intensity of absorption. As the sample gets dried from RT
to 150 °C, the peak becomes more broad, which might be due to the amorphous diffraction data
which is obtained. It also indicates that there is not much change in the electronic vibration
around the C-S region in the raw materials and as well as in our product. This indirectly tells us
that there are no possible interaction between the aluminum sites of ASB with the sulfur atom of
thioindigo.
3.3.5.2 Carbonyl region
Appendix Figure 30 represents the spectrum and frequencies of the carbonyl region for the
various samples. It can be seen that thioindigo shows a sharp, high intensity peak at 1654 cm-1.
For the ASB sample, there is a peak at 1645cm-1 belonging to the OH vibration. ASB- thioindigo
colorant, dried at RT, shows a broad peak with less intense peak than thioindigo at 1653 cm-1.
There is also another peak found at approximately 1696.11cm-1. The colorant dried at150°C
shows the peaks at 1655 cm-1and new short peak at around 1695cm-1. The rise of a new peak
might be due to the bonding of the carbonyl to the aluminum site of ASB, which is similar to the
binding of palygorskite with indigo dye (1). From the IR analysis of the Al-O and carbonyl
region, it is clear that there is binding taking place between the Al atoms of the ASB and
carbonyl region of the thioindigo dye.
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3.3.6 IR spectroscopy of Indigo – Al Complex compounds
3.3.6.1 OH region:
Appendix Figure 31 shows the spectrum and frequencies of the OH region. ASB has the OH
vibration at 3463cm-1; the intensity is high and very broad in nature as it is amorphous. ASB
indigo colorants, when dried at RT, have shown a broad peak and with little less intensity of the
ASB at around 3446 cm-1. When the same sample is dried at 150°C, there is a peak as broad as
the ASB with little less intensity at 3438 cm-1. The two samples at RT and when heated at 150 °
C, absorb at a lesser wavelength when compared to ASB. The differences observed might be due
to the interaction of the indigo dye with the ASB.

3.3.6.2 NH region
Appendix Figure 32 shows the IR spectra and frequencies of the NH region. It can be
inferred that there is broad peak at 3266 cm-1. ASB indigo colorant at RT, and after drying at
150°C, did not show much difference in the shift and intensity of absorption. As the sample gets
dried from RT to 150° C, the peak becomes very broad, which is in much accordance with the
amorphous diffraction data which is obtained. It also indicates that there is not much change in
the electronic vibration around the NH region in the raw materials as well as in our product. This
indirectly indicates that there is no possible interaction between the aluminum sites of ASB with
the nitrogen atom of indigo.

3.3.6.3. Carbonyl region:
Appendix Figure 33 represents the spectrum and frequencies of the carbonyl region for the
various samples. It can be seen that indigo shows a broad and high intensity peak at 1619 cm-1.
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ASB- indigo colorant dried at RT shows a broad but more intense peak than thioindigo at 1626
cm-1. Similarly, the colorant dried at150°C shows the peaks at 1625 cm-1 which is high in
intensity and very broad in nature. There is a difference in absorption of 6nm when the sample is
dried at 150 °C, which might be due to the interaction of carbonyl of the indigo dye with the Al
metal atom of the ASB.
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CHAPTER 4
SOL GEL PROCESS WITH ASB AND DYES
4.1 Synthesis Process
There are two steps of addition of the reactants. Initially, the indigo dye is reduced using the
sodium bisulfite and then there is the addition of the ASB. Below is the procedure that is
followed.
Reduction of Thioindigo/ Indigo:
A 5 g sample of thioindigo (≈ 0.08 M thioindigo/1M ASB) or indigo (≈ 0.09 M indigo/ 1M
ASB) was suspended in 200ml of water. Sodium hydrosulfite, 0.36 g and 0.36 g of 1M NaOH or
KOH, were added to the solution to reduce the indigo derivative. The solution was heated to
90ºC while stirring with a magnetic stirrer. The solution remained blue, at which point an
additional 0.1 g of sodium hydrosulfite was added. The solution turned clear, indicating that the
indigo derivative had been reduced and was now soluble.
ASB (Aluminum tri secondary butoxide) addition:
A 50g sample of ASB (Aluminum tri secondary butoxide) is added in the 500 mL flask
with magnetic stirrer and refluxed for 5 hours at 90 ºC. It is then cooled to room temperature and
kept to dry for 1 day. The gel formed is kept in the oven at 150 ºC for 8 hours and then it is
crushed and powdered.
A similar experiment was carried out with a decrease in the ASB concentration for the
same amount of dye. For example, 5 g sample of thioindigo (≈ 0.17 M indigo/ 1M ASB) was
suspended in 200ml water. 4.5 g of Sodium hydrosulfite and 15 g of 1M NaOH were added to
the solution to reduce the indigo derivative. The solution was heated to 90 ºC while stirring with
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a magnetic stirrer. The solution remained blue, at which point an additional 1 g of sodium
hydrosulfite was added. The solution turned clear indicating that the indigo derivative had been
reduced and was now soluble. 25 g of ASB are added in the 500 mL flask, stirred with a
magnetic stirrer, refluxed for 5 hours at 90 ºC, and then cooled to room temperature for 1 day.
The gel thus formed is kept in the oven at 150 ºC for 2 days. Then the lump is crushed and
powdered. Similarly for 5 gm of thioindigo dye (≈ 0.25 M thioindigo/ 1M ASB) reduced and
mixed with the 16.66 gm of ASB and dried to powder. Figure 19 shows the color changes that
occurred.
a)

Thioindigo

0.08 M Thioindigo/ 1 M ASB
b)

R.T

Figure 19.

0.17 M Thioindigo/ 1 M ASB

0.25 M Thioindigo/ 1M ASB

150 ºC

a. Variation in the color, as we increase the loading of thioindigo from 0.08 M
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Thioindigo/ 1 M ASB, 0.17 M Thioindigo/ 1 M ASB, 0.25 M Thioindigo/ 1M
ASB, when heated at 150 ºC
b. Variation in the color of 0.09 M Indigo/ 1 M ASB, from RT to 150 ºC

4.2 IPA Extraction:
The extraction process is followed exactly as discussed in section 3.2 with the isopropanol for
the 0.08 M Thioindigo/ 1M ASB (that is 10% thioindigo w.r.t ASB) by sol gel process. There
was observed a slight coloration in the solvent IPA that is extracted. The intensity of the colored
compound is similar to that of the colorant before extracted, as shown in the Figure 20. The
percentage lost of the material after the extraction was found to be approximately about 1 %.
Before Extraction

After Extraction:

Figure 20. IPA extraction of 0.08 M Thioindigo/ 1 M ASB, before and after extracted
colorants.

4.3 Results and discussion
4.3.1 UV- Vis of thioindigo- ASB, sol gel process
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1.0

π → π*

Thioindigo sample
0.08 M Thioindigo/ 1 M ASB, sol gel process
0.17 M Thioindigo/ 1 M ASB, sol gel process
0.25 M Thioindigo/ 1 M ASB, sol gel process

504
514
511

0.8

566

Normalised Absorbance
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Figure 21. UV –Vis Spectrum for the 0.08 M Thioindigo/ 1 M ASB, 0.17 M Thioindigo/ 1 M
ASB, 0.25 M Thioindigo/ 1M ASB, in comparison with thioindigo dye sample
Table 4. UV- Vis absorption frequencies of thioindigo and with varying concentration
of thioindigo ASB colorants with solgel process.

Sample

Transition

Wavelength

Thioindigo

π __> π*

504
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0.08 M Thioindigo/ 1 M

n __> π*

566

π __> π*

514

n __> π*

661

π __> π*

511

n __> π*

656

π __> π*

515

n __> π*

598

ASB, sol gel process, 150oC

0.17 M Thioindigo/ 1 M
ASB, sol gel process, 150oC

0.25 M Thioindigo/ 1M
ASB, sol gel process, 150oC

There is the difference observed in the π → π* (Homo-lumo gap) of the initial thioindigo dye to
the final thioindigo –aluminum complex compounds shown in the Figure 21 and Table 4. The
difference between the π → π* of the initial dye material to the final 0.08 M Thioindigo/ 1 M
ASB is 10nm, for 0.17 M Thioindigo/ 1 M ASB is 7 nm and for the 0.25 M Thioindigo/ 1 M
ASB is increased by 15 nm. The increase in the absorption indicates an increase in energy. The
difference between the n → π* transition between the initial dye to the final 0.08 M Thioindigo/
1 M ASB is increased by 95 nm, for the 0.17 M Thioindigo/ 1 M ASB thioindigo is increased
about 90 nm and for the 0.25 M Thioindigo/ 1 M ASB composition it is found to be increased
by 32 nm. The differences in the π → π* and the n → π* transition indicates that the thioindigo
dye interacts with the ASB.
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4.3.2 XRD of thioindigo- ASB, sol gel process

Figure 22. X-ray Diffraction of the varying concentration of thioindigo w.r.t ASB with
sol gel process heated at 150 ºC.

X-ray diffraction, shown in Figure 22, indicates that the thioindigo has stronger intensity at about
9 2Ѳ and 12 2Ѳ. For the 0.08 M Thioindigo/ 1 M ASB sample, there are no peaks indicating that
it is an amorphous compound; this is due to the absorption of the thioindigo dye on the ASB
surface. For the two samples of 0.17 M Thioindigo/ 1 M ASB and 0.25 M Thioindigo/ 1 M ASB,
the two major peaks start to appear at 9 2Ѳ and 15 2Ѳ angle, which indicates that there is an
excess of the thioindigo that is not absorbed on the ASB surface. The optimum concentration of
the binding between the thioindigo to the ASB is found to be 0.08 M Thioindigo/ 1 M ASB.
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4.3.3 IR spectroscopy of thioindigo- ASB, sol gel process
4.3.3.1 C-S region
Appendix Figure 34 shows the IR spectra and frequencies of the C-S region. It can be inferred
that there is a sharp peak at 737 cm-1. For different concentrations, from 0.08 M Thioindigo/ 1
M ASB to 0.25 M Thioindigo/ 1 M ASB the C-S region was found to be broader and the
difference is about 1 cm-1, which indicates that C-S vibrations did not differ when compared to
the original thioindigo dye; this indicates that C-S does not interact with the ASB.
4.3.3.2 C=O region
Appendix Figure 35 represents the spectrum and frequencies of the carbonyl region for the
various samples. It can be seen that thioindigo shows a sharp, high intensity peak at 1654 cm-1.
For the 0.05 M Thioindigo/ 1 M ASB, there are two vibrations at 1654cm-1and 1626 cm-1. For
the 0.17 M Thioindigo/ 1 M ASB, there are two vibrations at 1654cm-1 and 1625 cm-1. The
second vibrations which are observed for the two samples may be due to the ASB interacting
with the thioindigo compound. For the 0.25 M Thioindigo/ 1 M ASB, the second vibration is
absent. There is a clear indication that for the sample of 0.05 M Thioindigo/ 1 M ASB, there is
carbonyl of the thioindigo bonding towards the ASB.
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4.3.4. UV- Vis of indigo- ASB, sol gel process
Indigo
0.09 M Indigo/ 1 M ASB, solgel process, 150 C
635
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Figure 23. . UV –Vis Spectrum for the 0.09 M Indigo/ 1 M ASB, with sol gel process
incomparison with indigo dye
Table 5. UV- Vis absorption frequencies of the 0.09 M Indigo/ 1 M ASB, with sol gel
process incomparison with indigo dye

Sample

Transition

Wavelength (nm)

Indigo

π __> π*

530

35

n __> π*

672

0.09 M Indigo/ 1 M ASB, π __> π*

635

sol gel process, 150 oC
n __> π*

691

The absorption maximum in the visible range and the actual curve profile allow differentiation of
aluminum complex of indigo from the pure indigo dye is shown in the Figure 23 and Table 5.
The differences observed between the spectra of the Aluminum complex indigo and indigo arise
from differences in the chemical environment for indigo molecules in the pure solid and
adsorbed on bohemite. The absorption band observed in the UV-visible spectrum at 530 nm
represents the gap between the highest occupied molecular orbital (HOMO) to the lowest
unoccupied molecular orbital (LUMO). As reported by Marco (1), “this transition is strongly
influenced by conditions such as aggregation state (vapor, amorphous solid, crystalline solid) and
solvation (more or less polar solvent) may stabilize the ground state or the excited state of the
molecule, leading to a shift in absorption wavelength.” It has been shown (2, 3) that in passing
from vapor phase to nonpolar solvents and to polar solvents, the π-π* band is red-shifted. It is
reported that, the monoanion of indigo can function as a monochelate ligand and shows a
bathochromic shift in the UV /Vis spectrum (5, 6).
The difference in the n __> π*absorption of indigo and bohemite complex compared to
that of the original thioindigo is found to be increased by 19 nm. This indicates that more energy
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is required for this transition, which may be due to the bonding of indigo to the aluminum site in
the bohemite molecule.

4.3.5 XRD of indigo- ASB, sol gel process

The ASB (hydrolyzed in water, which forms bohemite), indigo and the hybrid material
prepared at 25 oC and 150 oC were run at X-ray diffractometer with Cu kα as the radiation. The
resulting data were compared and are shown in Figure 24.

Figure 24. X-ray Diffraction of indigo and ASB with sol gel process at RT and heated at 150 ºC.

37

The diffraction pattern of the unheated mixture of bohemite and indigo (hybrid material 25
o

C), still have peaks due to the crystalline phase of indigo. Once the bohemite and indigo are

dried together to produce the hybrid material 150 oC sample, the indigo phase no longer gives
diffraction peaks. Clearly, the crystal structure of indigo has been disrupted as a consequence of
its binding to the ASB surface.

4.3.6. IR spectroscopy of indigo- ASB, sol gel process

IR analysis was used to accurately curve fit the peaks in order to observe the nature of
shifts for several functional groups such as the OH, carbonyl, N-H and Al-O vibrations. FT-IR
has been used to deduce the nature of the ASB binding sites. To accurately represent the peaks,
the data was imported into the Microcal origin software, version 6 and section based on the
region of interest. Each section was analyzed separately. Regions of spectra that did not contain
peaks were not analyzed. IR analysis was performed for the following samples: bohemite heated
for two days at 150oC, indigo (Shijiazhuang Leayoc chemicals co, China) and hybrid color
prepared at room temperature (25 oC) and heated to 150oC as previously described.
ASB ( 99 % pure ) obtained from the Aldrich chemicals was hydrolyzed in the water at
basic pH as mentioned in the previous chapter, in order to understand the way ASB reacts to
form the γ-bohemite, when dried at 150 oC.
Assignment of bands for Bohemite.
Table.6 a. Assignment bands for ASB when hydrolyzed in water.
b. Assignment bands for indigo powder, obtained from the Shijiazhuang Leayoc
chemicals co ltd, China.
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a.)
Mode

Frequency (cm-1)

OH

3463(s) (ν)
1645 (m) (δ)

Al-06

576(s),773,822

(vs.): very strong, (s): strong, (m): medium, (w): weak
(ν): stretching, (δ) bending

The suggested assignments of the absorbance peaks are given on Table 6, based on the
literature (6, 7, 8).
b.)
N-H

3266(m ) (ν)

N-H or C=C

1585(m)

C=O

1619(s)

C-H

1195(m), 1172(m), 1121(m),

C-N

1314(m), 1296(vs.)

C=C

1485(vs.), 1464(m), 1390(vs.)

(vs.): very strong, (s): strong, (m): medium, (w): weak (ν): stretching.

39

4.3.6.1 Hydroxyl region
The IR data for the (Al)-OH IR modes for the hybrid materials temperature study samples
are shown in Appendix Figure 36 are the specific bands and their frequency. The broad band at
3431 cm-1 is due to a contribution of OH stretches from the Al in the bohemite structure. The
band shifts to 3436 cm-1 for the hybrid material 150oC sample indicating that the hydrogen bonds
are broken and the coordinated water is eliminated, exposing Al surfaces.

4.3.6.2 N-H region
The IR for the N-H region of indigo and bohemite is shown in Appendix Figure 37. For
crystalline indigo there are intermolecular N-H....O bridges as seen by the dominance of a sharp
band at 3266 cm-1. For indigo blended with ASB in water at room temperature (25oC sample), all
of the peaks due to N-H...O bridging lose most of their intensity attributed to the smaller
concentration. Once the mixture is dried to 150oC to produce the Hybrid material, the N-H...O
peaks disappear. These results are indicative that the crystalline state of indigo has been
disrupted as it binds to the bohemite during the drying process, results that were likewise
established by X-ray diffraction.

4.3.6.3 Carbonyl Region

As shown in Appendix Figure 38, there is a very sharp peak at 1619 cm-1 for indigo
molecule. The broadness of the band at 1628 cm-1, and the presence of another new peak
observed in the ASB and indigo sample at 25 oC, indicaties that the carbonyl group might bind
with the ASB surface.
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For the hybrid material at 150 oC sample, the peak remains broad and there is no split as it was
present in for hybrid material at 25 oC. The spectrum in this has the peak at 1628 cm-1 and as the
intensity is low indicating the ligation of the carbonyl to a metallic ion site (9). The formation of
a metal carbonyl complex might stabilize the ASB and indigo and explains the hue change that
occurs during the synthesis process.
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CHAPTER 5
SOL GEL PROCESS WITH TTIP AND DYE

5.1 Synthesis process
Titanium oxide is used in many applications such as the optical devices, photovoltaic
cells, corrosion protection, etc (1, 2, 3). Titanium dioxide is coated with the dye molecules and is
used in the Dye-sensitized solar cells. Ru-complex dye was adsorbed on Titanium dioxide.
(4,5,6,7,8,9,10). Merocyanine dyes (11) and indoline (12) dyes are also used along with the
titanium dioxide. Here we used thioindigo dye to go along with TTIP to get adsorbed on
Titanium dioxide. The process followed is similar as was reported in chapter 1 for the TTIP sol
gel process.
Ethanol 70 Ml, 1.9 g (≈ 0.1 M per 1M TTIP) thioindigo dye, HCl -1.53 ml is added
in the 500 ml flask with the magnetic stirrer. After stirring for about 5 minutes, about 18 ml of
TTIP (Titanium tetra isopropoxide) are added at RT. With the stirring, drop wise addition of
Distilled water (20 Ml) and ethanol (40 ml) were added from the funnel above.

The solution

turns out to be red in color. After total addition of the solvent (water and ethanol), the solution is
poured in the Open dish and aged for about 7 hours and dried at 110 oC for about 2 hours. The
solid obtained after drying at RT was found to be brownish red in color whereas after drying at
110 ºC it was found to be dark red. Similarly the experiments were carried out with varying
concentration levels with 0.2 M and 0.3 M in order to investigate the optimum amount of the
thioindigo required per 1 Molar ratio of the TTIP. The colors obtained are as shown below
Figure 25.
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Thioindigo

0.1M
Thioindigo / 1M TTIP

0.2M

0.3M

Thioindigo / 1M TTIP

Thioindigo/1M TTIP

Figure 25. Changes in the color as the thioindigo is increased w.r.t TTIP
5.2 Extraction Process
The extraction process is followed exactly as discussed in the 3.2 section with the Isopropanol
for the 0.1 M /1M TTIP compound that is made. A slight coloration was observed in the solvent
in IPA that is extracted. The intensity of the colored compound is decreased a little bit, and is
shown in Figure 26. The percentage loss of the material after the extraction was found to be
approximately about 0.9 %.
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Before

After

For 0.1M Thioindigo / 1M TTIP Sample
Figure 26. IPA extracted 0.1M thioindigo / 1M TTIP sample.
5.3. Results and discussion
5.3.1. UV- Vis of Thioindigo and TTIP, sol gel process

Thioindigo Sample
0.3M Thioindigo per 1M TTIP
0.2M Thioindigo per 1M TTIP
0.1M Thioindigo per 1M TTIP

π → π*
1.0

504
513.26
507.05
508.88

Normalised Absorbance

0.8

n → π*
557

0.6

569.18
568.23
566.36

0.4

0.2

0.0
200

300

400

500

600

700

800

Wavelength (nm)

Figure 27. UV –Vis Spectrum for the Thioindigo and TTIP-thioindigo colorants
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Table 7 . UV- Vis absorption frequencies of Thioindigo and TTIP -thioindigo colorants

Sample

Transition

Wavelength

Thioindigo

π __> π*

504

n __> π*

557

/1M π __> π*

513

n __> π*

569

/1M π __> π*

507

n __> π*

568

/1M π __> π*

508

n __> π*

566

0.1M

Thioindigo

TTIP

0.2M

Thioindigo

TTIP

0.3M

Thioindigo

TTIP

UV of three samples- 0.1M, 0.2M and 0.3M thioindigo per 1M TTIP are compared with the
thioindigo sample as shown in Figure 27 and Table 7 . There is a difference that can be observed
in the π __> π* transition and as well as the n __> π* transition. It is clearly seen that the values
for the π __> π* transition for 0.1M Thioindigo per 1M TTIP, 0.2M thioindigo per 1M TTIP, and
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0.3M thioindigo per 1M TTIP increases when compared to the thioindigo sample as such. For
the n __> π* transition, it can be observed that for 0.1M Thioindigo per 1M TTIP, 0.2M
thioindigo per 1M TTIP, and 0.3M thioindigo per 1M TTIP is higher than the n __> π* transition
of the thioindigo sample. The difference that can be observed might be due to the 0.1M
thioindigo sample 0.2M and 0.3M thioindigo per 1M TTIP might be due to absorption on the
titanium dioxide.

5.3.2 X ray Diffraction of Thioindigo and TTIP, sol gel process

The three samples that are made with different concentration levels are used for the diffraction
study. The diffraction data is indicated as below in Figure 28. 0.1 M thioindigo per 1M TTIP and
0.2 M thioindigo per 1M TTIP shows that it is amorphous in nature and 0.3M per 1M TTIP
shows the peaks similar to that of the thioindigo sample at 25-33 2theta angle. This indicates that
0.3M thioindigo /1M TTIP is crystalline in nature similar to that of the thioindigo sample
because of the reason that there is an excess of the thioindigo that is not attached to the TTIP
surface. This result is contradictory to the UV and IR study for the 0.2M thioindigo per 1M
TTIP sample, this might be due to the resolution and the limitation of the in-house x-rays that it
cannot distinguish accurately in the 0.2M thioindigo sample per 1M TTIP. But for the
0.1Mthioindigo per 1M thioindigo sample, the UV and IR spectroscopy matches indicating that
this amount of concentration is absorbed on the titanium surface.
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Figure 28. Diffraction data of the increased thioindigo dye concentration w.r.t
TTIP.

5.3.3 IR spectroscopy of Thioindigo and TTIP, sol gel process
5.3.3.1 C-S region
The IR spectroscopy for the three different concentrations was measured and all were compared
against the thioindigo concentration as shown in Appendix Figure 39. After measuring the
spectroscopy, the region from 760 to 710 cm-1 is selected and measured with the frequencies. It
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can be observed that the vibration absorption values do not change as observed in other cases of
compounds such as the ASB and thioindigo in sol gel process and in the hydrolysis in the air.
Hence this group indicates that it does not get absorbed on the titanium surface.
5.3.3.2 C=O region
All 3 different concentration levels of thioindigo (0.1M, 0.2M and 0.3M per 1M TTIP ) are
compared with thioindigo samples as shown in the Appendix Figure 40 and the carbonyl region
ranges from 1550 to 1650 cm-1. For 0.1M thioindigo sample along with the peak at 1652 cm-1,
which is close to the thioindigo peak 1654 cm-1; a broad hump peak at 1617 cm-1 can also be
observed, which might be due to that oxygen atom sharing the electrons with the titanium
surface. For 0.2M thioindigo per 1M TTIP and for 0.3M thioindigo there is no difference in the
carbonyl absorption values. This indicates that there is an excess of thioindigo that is not
absorbed on the titanium surface, which is similar to the observed phenomena in the UV-Vis
spectrum.

.
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CHAPTER 6
GENERAL CONCLUSIONS
We have studied three different cases of binding of thioindigo/indigo on to the ASB and
TTIP surface. In the first case, the ASB was grinded along with the thioindigo or the indigo dye.
On careful examination there was a change in the hue from this process. X-ray diffraction study,
IR spectrum and UV-Vis spectrum study reveals that thioindigo dye molecule absorbs on the
aluminum surface of the ASB, when hydrolyzed in air and forms the amorphous compounds,
expect with the indigo dye. With the indigo dye a little peak was observed, which indicates that it
is not an amorphous compound. The carbonyl region might be interacting with the ASB surface
that has lead to change in the hue of the color.
In the second case, we used the sol gel process of ASB with indigo and thioindigo dyes.
With the help of X ray diffractometer the optimum concentration was found to be about 10% of
the dye with respect to the ASB for binding of the dyes on to the ASB surface. Further UV-Vis
and IR studies have revealed that for thioindigo there is possible interaction of the carbonyl
region of thioindigo dye binding towards the ASB. Similarly for the indigo dye, there was a bond
formation between the nitrogen of the indigo to the ASB and carbonyl region to the ASB region.
For the third case we have used sol gel process with TTIP and thioindigo dye. With the help
of X ray diffraction, Uv Vis, and IR spectrum we have found that optimum concentration of the
dye necessary for binding towards the titanium site is about 10% of the dye w.r.t TTIP. The
compounds obtained are found to be amorphous in nature. The carbonyl region might be
interacting with the titanium site of the TTIP that might be responsible for the change in the hue
of the shade.
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Further for all the three different series of compounds we have used IPA extraction method to
find the bleeding resistance of new compounds in the IPA solvent. We have observed that for
all the series of colorants there is bleeding resistance in IPA solution, whereas in the acids it was
found to have poor properties. These new compounds can be used for the plastic and paint
applications as they have good solvent fastness properties.
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APPENDIX
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Figure 29. IR spectra data of C-S region, Thioindigo-Al complex compound
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Figure 30. IR spectra data the carbonyl region, Thioindigo-Al complex compound
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Figure 31. IR Spectra of OH region, Indigo-Al complex compound.
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Figure 32. IR Spectra of NH region, Indigo-Al complex compound
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Figure 33. IR spectra of C=O region, Indigo-Al complex compound

Figure 34. IR spectra data the C-S region, thioindigo-ASB by sol gel process
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Figure 35. IR spectra data the C=O region, thioindigo-ASB by sol gel process
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Figure 36. IR spectra data the OH region, indigo-ASB by sol gel process
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Figure 37. IR spectra data the NH region, indigo-ASB by sol gel process
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Figure 38. IR spectra data the Carbonyl region, indigo-ASB by sol gel process
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Figure 39. IR spectra data the C-S region, thioindigo and TTIP by sol gel process

Figure 40. IR spectra data the C=O region, thioindigo and TTIP by sol gel process
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Figure 41. Peak fit analysis of UV-Vis spectrum of thioindigo dye.
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Figure 42. Peak fit analysis of UV-Vis spectrum of indigo dye
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Figure 43. Peak fit analysis of UV-Vis spectrum of 0.08 M Thioindigo/ 1 M ASB, by sol gel
process
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Figure 44. Peak fit analysis of UV-Vis spectrum of 0.17 M thioindigo/ 1 M ASB, by sol gel
process
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Figure 45. Peak fit analysis of UV-Vis spectrum of 0.25 M thioindigo/ 1 M ASB, by sol gel
process

66

Figure 46. Peak fit analysis of UV-Vis spectrum of 0.09 M Indigo/ 1 M ASB, in air dried at 150
C
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Figure 47. Peak fit analysis of UV-Vis spectrum of 0.09 M Indigo/ 1 M ASB by solgel process

68

Figure 48. Peak fit analysis of UV-Vis spectrum of 0.08 M thioindigo/ 1 M ASB in air
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Figure 49. Peak fit analysis of UV-Vis spectrum of 0.2M thioindigo per 1M TTIP, sol gel
process
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Figure 50. Peak fit analysis of UV-Vis spectrum of 0.3M thioindigo per 1M TTIP, sol gel
process
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